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®» DO Photon + Jet Measurements.

.J.i_ 1
®» CDF W/Z + Upsilon Search. F s i

®» CDF Measurements ofo(V+D*)/ a(V).

®» DO Measurements of Z + c-jet.

®» CDF “Tevatron Energy Scan”: Findings &
Surprises.

=®» DO DPS iny+ 3 Jets andy +b/c + 2 Jets. CDF Run 2

» Summary & Conclusions. 300 GeV, 900 GeV, 1.96 TeV
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=» DO differential y + jet cross section as a function ofy) for four jet rapidity intervals, with central pho tons,
ly| < 1.0, and forward photons, 1.5<|y|<2.5, for sge-sign and opposite-sign of photon and jet rapidigs. For
presentation purposes, cross sections forJy< 0.8, 0.8 < |y|<1.6,1.6 <|y|<2.4and 2.4 < |y|< 3.2 are
scaled by factors of 5, 1, 0.3 and 0.1, respect|ye1rhe data are compared to the NLO QCD predlctlon:msmg
the jetphox with the CT10 PDF set andu R= M= M =p(y) .
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=» DO differential y + jet cross section as a function ofy) for four jet rapidity intervals, with central pho tons,
ly| < 1.0, and forward photons, 1.5<|y|<2.5, for sge-sign and opposite-sign of photon and jet rapidigs. For
presentation purposes, cross sections forJy< 0.8, 0.8 < |y|<1.6,1.6 <|y|<2.4and 2.4 < |y|< 3.2 are
scaled by factors of 5, 1, 0.3 and 0.1, respect|ye1rhe data are compared to the NLO QCD predlctlonausmg
the jetphox with the CT10 PDF set andu R= = p.(y) -
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Y+Z Candidate at CDF

=» CDF search for the
production of the Upsilon
(1S) meson in association
with a vector boson.

reme—r? 16851 Run: 275730

9.7 fo!
Observe one Upsilon + W candidate over an expected
background of 1.2 + 0.5 events, and one Upsilon + Z
candidate over an expected background of 0.1 + 0.Vents. " M0 = 88.6 GeV, My, = 9.26 GeV
T+W—oevr THW—osuw TiWoly TH+Z—see THZ—pp T+2Z -
N.ig 0.019+0.004  0.014+0.003  0.034:0.006  0.004840.0009 0.0037+0.0007 0.0084-0.0016
N;, (fake T) 0.740.4 0.4£0.3 1.1E0.5 0.07£0.07 0.04+0.04 0.1£0.1
N, (fake W/Z) 0.064+0.04 negl, 0.060.04 negl. negl. negl.
Ny, (T + 2) 0.0006-£0.0001  0.003340.0006  0.003940.0007
N, (total) 0.840.4 0.4+0.3 1.240.5 0.07+0.07 0.0440.04 0.140.1
N6 0 1 1 0 1 1
95% C.L. Cross Section Limits
T+W T+2Z
expected limit (pb) 5.5 13
observed limit (pb) 5.5 20
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=» CDF data for the differential rates of cross-sectio ratio ¢(\W + D*)/6(W) as a
function of p; (D*), as measured by in the W— ev (left) and W — pv (right) decay
channels. The measurements show good agreement WRNTHIA 6.2 Tune A with

(CTEQSL) in all bins.
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=» CDF data for the differential rates of cross-sectio ratio ¢(\W + D*)/6(W) as a
function of p; (D*), as measured by in the W— ev (left) and W — pv (right) decay
channels. The measurements show good agreement WRNTHIA 6.2 Tune A with
(CTEQSL) in all bins.
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Urements of Z

nw since LHCP2013
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= DO differential cross-sections measurements,, . i.,/6,.e (I€ft) and 6, jo/62.p ey
(right) as a function of g(jet) (pr(jet) > 20 GeV, f1| < 2.5). Best agreement is with
PYTHIA with 1.7 x enchanced g— cc rate.

Phys. Rev. Lett. 112, 042001 (2014)

LHCP 2014 Rick Field — Florida/CDF/CMS Page 8
New York, June 5, 2014



Proton AntiProton

» Just before the shutdown of the Tevatron CDF
has collected more than 10M “min-bias” events at
several center-of-mass energies!

P Tevatron
;*:..h P s "
P SOUTCE," Main Injector

e 300 GeV 12.1M MB Events
Etr o 900 GeV 54.3M MB Events

—— T
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QCD Moente-Cario Vieaels:

rJ llransverse viomentum Jet

Hard Scattering

Outgoing Parton

Initial-State Radlatlon PT(hard)

A\
.
e,
-,
e,
*
.,
D
».

“Hard Scattering” Component

—_—

AntiProton

: Final-State Radiation
v

Outgoing Parton
Underlying Event

Proton AntiProton

s Jetil-State Radiation
Outgoing Parton v

Underlying Event Underlying Event

“Underlying Event”

and add initial and final-
approximation).

=» Start with the perturbative 2-to-2 (or sometimes 2-6-3) parton-parton scatt
state gluon radiation (in the leading log approxim#on or modified leadi

=» The “underlying event” consists of the “beam-beam rennants” an
semi-soft multiple parton interactions (MPI).

rticles arising from soft or

» Of course the outgoing colored partg The “underlying event’is an unavoidable )y, «;nderlying event’

observables receive contributions frg background to most collider observables
and having good understand of it leads to

more precise collider measurements!
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UE Obsenvables €z

» “transMAX” and “transMIN” Charged Particle Density: Number of PTmax Direction
charged particles (g > 0.5 GeV/c, | < 0.8) in the the maximum
(minimum) of the two “transverse” regions as defind by the
leading charged particle, PTmax, divided by the ara in n-@space,
2n.,X216, averaged over all events with at least one pacte with py
> 0.5 GeVie, 'M < Neut- “TransMAX” _a “TransMIN”

» “transMAX” and “transMIN” Charged PTsum Density: Scalar py;

sum of charged patrticles (p > 0.5 GeV/c, 1| < 0.8) in the the
maximum (minimum) of the two “transverse” regions & defined by

the leading charged particle, PTmax, divided by tharea inn-@
space, B, x2176, averaged over all events with at least one pacte

with p1 > 0.5 GeV/c, fj] <N¢ye-
Overall “Transverse” = “transMAX” + “transMIN”

Note: The overall “transverse” density is equal to the avege of the “transMAX” and “TransMIN”
densities. The “TransDIF” Density is the “transMAX” D ensity minus the “transMIN” Density

“Transverse” Density = “transAVE” Density = (“transMA X" Density + “transMIN” Density)/2

“TransDIF” Density = “transMAX” Density - “transMIN” De  nsity

LHCP 2014 Rick Field — Florida/CDF/CMS Page 11
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LransiviliN = transoiliE=

» The “toward region contains the leading “jet”, whil e the “away”
region, on the average, contains the “away-side” “j&. The
“transverse” region is perpendicular to the plane ofthe hard 2-to-2
scattering and is very sensitive to the “underlyinggvent”. For
events with large initial or final-state radiation the “transMAX”
region defined contains the third jet while both the “transMAX”
and “transMIN” regions receive contributions from th e MPI and
beam-beam remnants. Thus, the “transMIN” region isvery
sensitive to the multiple parton interactions (MPl)and beam-beam
remnants (BBR), while the “transMAX” minus the “tran sMIN” (i.e.
“transDIF") is very sensitive to initial-state radiation (ISR) and 7%
final-state radiation (FSR).

“TransMIN” density more sensitive to MPI & BBR.
“TransDIF” density more sensitive to ISR & FSR.

“Away-Side” Jet

0<*TransDIF” <2x"TransAVE”

“TransDIF” = “TransAVE" if “TransMIX” = 3x"TransMIN”"

LHCP 2014 Rick Field — Florida/CDF/CMS Page 12
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» CDF PTmax UE Analysis:“Towards”, “Away”, “transMAX” ,
“transMIN” , “transAVE” , and“transDIF” charged particle and
PTsum densities (p > 0.5 GeV/c,fj| < 0.8) in proton-antiproton
collisions at 300 GeV, 900 GeV, and 1.96 TeV (R. Keanalysis).

®» CMS PTmax UE Analysis:“Towards”, “Away”, “transMAX”,
“transMIN”, “transAVE”, and “transDIF”  charged particle and TransMAX" & “TransMIN®
PTsum densities (p > 0.5 GeV/c, 1| < 0.8) in proton-proton
collisions at 900 GeV and 7 TeV (Mohammed Zakaria Ph.DThesis,

CMS PAS FSQ-12-020).

=» New Herwig++ Tune:M. Seymour and A. Siodmok have used the arXiv:1307.5015 [hep-ph]

CDF UE data at 300 GeV, 900 GeV, and 1.96 TeV togethwith LHC 7
UE data at 7 TeV to construct a new and improved Heavig++ tune.

arXiv:1404.5630 [hep-ph]

®» New PYTHIA 8 Monash Tune: P. Skands, S. Carrazza, and J. Rojo

have used the CDF UE data at 300 GeV, 900 GeV, ah®6 TeV
together with LHC data at 7 TeV to construct a newPYTHIA 8 tuné

(NNPDF2.3LO PDP.
CMS-PAS-GEN-14-001

» New CMS UE Tunes:CMS has used the CDF UE data at 300 GeV,
900 GeV, and 1.96 TeV together wth CMS UE data at 7€V to /

construct a new PYTHIA 6 tune CTEQG6L) and two new PYTHIA 8
tunes CTEQ6L and HERAPDF1.5LO PDF).

LHCP 2014 Rick Field — Florida/CDF/CMS Page 13
New York, June 5, 2014




Charged Particle Density

"TransMAX" Charged Particle Density: dN/dnd¢

"TransMAX" Charged Particle Density: dN/dnd@

2.1 15
RDF Preliminary RDF Preliminary — B
Corrected Data 7 TeV > Corrected Datg
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B L0t
o 5.0 < PImaxc bl v
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0.0 f f f f f 0.0 T ! R
0 5 10 15 20 25 30 0.1 1.0 10.0
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Center-of-Mass Energy (GeV)

®» Corrected CMS data at 7 TeV and CDF
data at 1.96 TeV, 900 GeV, and 300 Gedh

the charged particle density in the
“transMAX” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8. The data are corrected to the
particle level with errors that include both
the statistical error and the systematic
uncertainty.

=®» Corrected CMS and CDF dataon the
charged particle density in the“transMAX”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andif| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the
center-of-mass energylfg scale).
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Iransverse: NCngDenvsiE,

"Transverse" Charged Particle Density: dN/dnd@ "Transverse" Charged Particle Density Ratio
1.5 5.2 - .
RDF Preliminary CMS solid dots RDF Preliminary CMS solid dots P
- corrected data CDF solid squares corrected data CDF solid squares
‘Ui, generator level theory o generator level theory
S "TransMAX" 3
8 10+ 2 €38 racpriararaga,
o 5.0 < PTmax < 6.0 GeV/c o > 5.0 < PTmax < 6.0 GeV/c "“TransMIN"
© Tune Z2* (solid lines) @ o
g Tune Z1 (dashed lines) o} Tune Z2* (solid lines)
o g Tune Z1 (dashed lines)
° —_
05 +--—-—---———-—— B -~ v T@EnsMIN" ~—~ ~ ~ ——= --- 2 24+
3 & Divided by 300 GeV Value
© "TransMAX"
Charged Particles (|n|<0.8, PT>0.5 GeV/c) 10 Charged Particles (|n|<0.8, PT>0.5 GeVi/c)
0.0 t t t t f———— t t t t —t—+— . t I L t t t t —t——
0.1 1.0 10.0 0.1 1.0 10.0
Center-of-Mass Energy (GeV) Center-of-Mass Energy (GeV)

= Corrected CMS data at 7 TeV and CDF data = Ratio of CMS data at 7 TeV and CDF data at

at 1.96 TeV, 900 GeV, and 300 Gebh the 1.96 TeV, 900 GeV, and 300 Ges the value
charged particle density in the"transMAX” at 300 GeVfor the charged particle density in
and “transMIN" regions as defined by the the “transMAX” and “transMIN” regions as
leading charged particle (PTmax) for defined by the leading charged particle

charged particles with pr > 0.5 GeV/candil|  (PTmax) for charged particles with p; > 0.5
< 0.8 with 5 < PTmax < 6 GeV/c. The data GeV/c and fj| < 0.8 with 5 < PTmax < 6

are plotted versus the center-of-mass energy  GeV/c. The data are plotted versus the
(log scale). center-of-mass energylog scale).

The data are compared with PYTHIA 6.4Tune Z1 and Tune Z2*,
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Charged Particle Density

'ransverse N

"Transverse" Charged Particle Density: dN/dnd@

1.5

RDF Preliminary CMS solid dots

corrected data CDF solid squares
generator level theory

"TransMAX"

oy
o
|

5.0 < PTmax < 6.0 Gevic Tune Z2* (solid lines)

o
3]

,,,,,,,,,,,,,,,,,,,,,,,

0.0

Tune Z1 (dashed lines)

Qharged Particles (|n|<0.8, PT>0.5 GeV/c)
—— : : —

0.1 1.0
Center-of-Mass Energy (GeV)

Particle Density Ratio

<transMIN> = 4.7
orgTu T o ~=rroity Ratio

"Transb

5.2

RDF Prellmlnary CMS solid dots
corrected dat CDF solid sauares
generator level
<transMAX> = 2.7 .
38 T 50<PTmax<s0GEVE .. ~— ./
Tune Z2* (solid lines)
Tune Z1 (dashed lines)
2.4 +
Divided by 300 GeV Value
"TransMAX"
Charged Particles (|n|<0.8, PT>0.5 GeV/c)
1.0 Pt : : I S
0.1 1.0 10.0

Center-of-Mass Energy (GeV)

at 1.96 TeV, 900 GeV, and 300 Gedh the
charged particle density in the“transMAX”
and “transMIN” regions as defined by the
leading charged particle (PTmax) for

charged particles with p; > 0.5 GeV/c and|

< 0.8 with 5 < PTmax < 6 GeV/c. The data

are plotted versus the center-of-mass energy

(log scale).

= Corrected CMS data at 7 TeV and CDF data = Ratio of CMS data at 7 TeV and CDF data at

1.96 TeV, 900 GeV, and 300 Gew the value
at 300 GeVfor the charged particle density in
the “transMAX” and “transMIN” regions as
defined by the leading charged patrticle
(PTmax) for charged particles with p; > 0.5
GeV/cand ] < 0.8 with5 <PTmax <6
GeV/c. The data are plotted versus the
center-of-mass energylfg scale).

The data are compared with PYTHIA 6.4Tune Z1 and Tune Z2*,
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"Transverse" Charged Particle Density Ratio "Transverse" Charged PTsum Density Ratio
5.2 5.8 ™
RDF Preliminary CMS solid dots )/ RDF Preliminary CMS solid dots .
corrected data CDF solid squares corrected data CDF solid squares ‘
o generator level theory o generator level theory
E b TransMIN ’
T 38+ CA42 -t
%‘) 5.0 < PTmax < 6.0 GeV/c "TransMIN" % 5.0 < PTmax < 6.0 GeV/c .
c P c
g Tune Z2* (solid lines) g Tune Z2* (solid lines)
© Tune Z1 (dashed lines) © Tune Z1 (dashed lines)
S 24 F - s LS e A oS- o -
© ©
o Divided by 300 GeV Value o Divided by 300 GeV Value
10 . Charged Particles (In|<0.8, PT>0.5 GeV/c) 1.0 ‘Charged Particles (‘|n|<0.‘8, PT>9‘5 9?V<C)
0.1 1.0 10.0 0.1 1.0 10.0
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= Ratio of CMS data at 7 TeV and CDF data at = Ratio of CMS data at 7 TeV and CDF data at
1.96 TeV, 900 GeV, and 300 Geto the value 1.96 TeV, 900 GeV, and 300 Geto the value
at 300 GeVfor the charged particle density in gt 300 GeVfor the charged PTsum density in

the “transMIN” , and “transDIF" regions as the “transMIN” , and “transDIF” regions as
defined by the leading charged particle defined by the leading charged particle
(PTmax) for charged particles with pr > 0.5 (PTmax) for charged particles with p; > 0.5
GeV/c and jj| < 0.8 with 5 < PTmax < 6 GeV/c and fj| < 0.8 with 5 < PTmax < 6
GeV/c. The data are plotted versus the GeV/c. The data are plotted versus the
center-of-mass energylog scale). center-of-mass energylog scale).

The data are compared with PYTHIA 6.4Tune Z1 and Tune Z2*,
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“TransMIN//DIE™ VS E_

<transMIN> =4.7 - <transMIN> = 5.7

"Trans - ty Ratio "Transverse"

=4

5.2 5.8 ~—g
RDF Preliminary MG ot s RDF Preliminary CMS solid dots ’
correct corrected data ; 4
o generaor | <transDIF> = 2.2 ° gener CDE solid sauares ,
= = — TransMIN
g a8l Sl <transDIF>=2.6 | ‘TansMN_*~
2 5.0 < PTmax < 6.0 GeV/c 2 5.0=p % TGev
1] 1]
c T c
g Tune Z2* (solid lines) g Tune Z2* (solid lines)
© Tune Z1 (dashed lines) o Tune Z1 (dashed lines) -
S 24 - s S 26 oS e
IS e IS
a Divided by 300 GeV'value a Divided by 300 GeV Value .. "TransDIF”
-
-~ .
10 .. Charged Particles (|n|<0.8, PT>0.5 GeV/c) 1.0 ‘Charged Partlcles (‘ln|<0“8’ PT>9‘5 9?V<C)
0.1 1.0 10.0 0.1 1.0 10.0
Center-of-Mass Energy (GeV) Center-of-Mass Energy (GeV)

®» Ratio of CMS data at 7 TeV and CDF data at = Ratio of CMS data at 7 TeV and CDE data at

1.96 TeV, 900 GeV, and 300 Gets the value 1,96 TeV, 900 GeV, and 300 Geto the value
at 300 GeVfor the charged particle density in gt 300 GeVfor the charged PTsum density in

the “transMIN” , and “transDIF" regions as the “transMIN” , and “transDIF” regions as
defined by the leading charged particle defined by the leading charged particle
(PTmax) for charged particles with pr > 0.5 (PTmax) for charged particles with p; > 0.5
GeV/c and jj| < 0.8 with 5 < PTmax < 6 GeV/c and fj| < 0.8 with 5 < PTmax < 6
GeV/c. The data are plotted versus the GeV/c. The data are plotted versus the
center-of-mass energylog scale). center-of-mass energylog scale).

The data are compared with PYTHIA 6.4Tune Z1 and Tune Z2*,
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Particle Density Ratio

“TransMIN /DIF” vsE,, €2

ty Ratio

/7 <transMIN> = 5.7
ansverse" S {

| ~a
tllmlnary CMS solid dots ¢

: P
ted data CDF solid squares

RDF Preliminary

correct
generator |

> =2 6 "TransMIN" ¢

3.8 +
5.0 < PTmax < 6.0 GeV/c

Tune Z2* (solid lines)
Tune Z1 (dashed lines)

«Particles (|n|<0.8, PT>0.5 GeV/c)

s The “transMIN” (MPI-BBR component) increases _- e
much faster with center-of-mass energy _suass energy (Gev)

»

than the “transDIF” (ISR-FSR component)!

Ratio of CMS data at Duh!! eV and CDF data at
1.96 TeV, 900 GeV. - Q Gelo the value
at 300 GeVfor th# e charged PTsum density in
the “transMIN__—~c—wrarisD and “transDIF” regions as
defined by the leading charg A By ding charged particle
(PTmax) for charged particlg ¢ AX) fors ed particles with pr > 0.5
GeV/c and | < 0.8 with 5 ax < and | with 5 <PTmax <6
GeV/c. The data are plottet versus tl A . The data axg plotted versus the
center-of-mass energylfg scale). ce\ pr-of-mass energylg scale).

The data are compared PYTHIA 6.4Tune Z1 and Tune Z2*,
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& Ievatron®

S -
"TransAVE" Charged Particle Density "TransAVE" Charged PTsum Density
1.2 15
Skands Monash Tune 7 TeV T Skands Monash Tune 7 TeV
7 I
' o
208 107
[a) ®
c
E 196 Tev CDF g 1.96 TeV
g 5
B { 900 GeV &
900 GeV
50.4—— CDF 305 - o 581 ___8— E —————————————————————
(@) =
Oo g 1 [
e % % )
300 GeV CDF
Charged Particles (n|<0.8, PT>0.5 GeVi/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 | | | | | 0.0 | | | | |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
PTmax (GeV/c) PTmax (GeV/c)

=» Shows the “transAVE”" charged particle density s Shows the “transAVE” charged PTsum density
as defined by the leading charged particle, as defined by the leading charged particle,
PTmax, as a function of PTmax at 300 GeV, 900 PTmax, as a function of PTmax at 300 GeV, 900
GeV, 1.96 TeV, and 7 TeV compared with the GeV, 1.96 TeV, and 7 TeV compared with the
Skands Monash tune. Skands Monash tune.
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”

& “ Tevatron™ to the LHC €z

"TransAVE" Charged Particle Density "TransAVE" Charged PTsum Density
1.2 15
CMS Tune CUETP8S1-CTEQ6L 7 TeV + CMS Tune CUETP8S1-CTEQ6L 7TeV

! g
>
208 S 107
o ‘0
5 ; —4— 1.96Tev 5 1.96 Tev
5 £
2 a
°
g — i 900 GeV e 900 GeV
504+ B 05 ———E —————————————————————
o ) 5

nnnﬂnﬂ oa % % E 5
pood o @
300 GeV a S00lGey %
Charged Particles (Jn|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeVi/c)
OO T T } } } 00 T } T } }
0 5 10 15 20 25 30 0 5 10 15 20 25 30
PTmax (GeV/c) PTmax (GeV/c)

=» Shows the “transAVE” charged particle density ® Shows the “transAVE” charged PTsum density
as defined by the leading charged particle, as defined by the leading charged particle,
PTmax, as a function of PTmax at 300 GeV, 900 PTmax, as a function of PTmax at 300 GeV, 900
GeV, 1.96 TeV, and 7 TeV compared with the  GeV, 1.96 TeV, and 7 TeV compared with the
CMS tune CUETP8S1-CTEQGL. CMS tune CUETP8S1-CTEQGL.
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|_." {1y g e :A e | 'Jr‘a —a
. =INAINGS) & SUIPrIses
=» The “transverse” density increases faster with center-of-mass energy tha
the overall density (Nchg> 1)! However, the“transverse” = “transAVE”
region is not a true measure of the energy dependenof MPI since it

receives large contributions from ISR and FSR.

.

=» The “transMIN” (MPI-BBR component) increases much faster with center
of-mass energy than thétransDIF” (ISR-FSR component)! Previously we
only knew the energy dependence of “transAVE”.

&)

© We now have at lot of MB & UE data at
300 GeV, 900 GeV, 1.96 TeV, and 7 TeV!
We can study the energy dependence
more precisely than ever before!
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Findings & Sy'tprises {2

»The“t agverse” density incr/ sses faster enter-of-mass energy tha

the overa asity (Nchg> 1 ever, sverse” = “transAVE”
region is nos qeasur eny endeos since it
receives large g

» The “transMIN" -2 \What we are learning should ——=tacwith center
Of-NTs allow for a deeper understanding of MP| _<Usly we
only kné: which will result in more precise

predictions at the future

/ LHC energies of 13 & 14 TeV! L
- TeVI
r befo
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€85 DPS and the*Underlying Event” .2
Multiple parton
interactions (MPI1)!

1/(pr)*— L(pr®+prg?)?

Proton

Proton

—e— .
— “Underlying Event”

“Underlying Event’__
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A &85 DPS and the* Underlying Event’

\‘v — ,

" ‘

Multiple parton
interactions (MPI)!

Proton

1/(pr)*— L(pr®+prg?)?

— — Proton

_ - — ’%‘w A
“Underlying Event”__ N — = — “Underlying Event”
&

]
D DPS: Doublel Parton Scattering]

Most of the time MPI are much “softer” than the primary “hard” scattering, however,
occasionally two “hard” 2-to-2 parton scatterings canoccur within the same hadron-
hadron. This is referred to as double parton scattéeng (DPS) and is typically described in
terms of an effective cross section parameteg,, defined as follows:

(N

— A~ B
.o —
AB Independent of A and B

eff
where g, and ag are the inclusive cross sections for individual hat scatterings of type A
and B, respectively, ando,g is the inclusive cross section for producing bothcatterings
in the same hadron-hardon collision. If A and B arandistinguishable, as in 4-jet

production, a statistical factor of %2 must be insded.
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A &85 DPS and the* Underlying Event’

\‘v — ,

" ‘

Multiple parton
interactions (MPI)!

Proton

1/(pr)*— L(pr®+prg?)?

— — Proton

_ - — ’%‘w A
“Underlying Event”__ N — = — “Underlying Event”
&

]
D DPS: Doublel Parton Scattering]

Most of the time MPI are much “softer” than the primary “hard” scattering, however,
occasionally two “hard” 2-to-2 parton scatterings canoccur within the same hadron-
hadron. This is referred to as double parton scattéeng (DPS) and is typically described in
terms of an effective cross section parameteg,, defined as follows:

O. = ny:
AB — Independent of A and B
O'eﬁz p

whereao, and a; are thc 0 ections for individual hat scatterings of type A
and B, respectively, anto g cross section for producing bothcatterings
in the same hadron-hardon collision.—f"A and B arandistinguishable, as in 4-jet
production, a statistical factor of %2 must be insded.
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£#5 DPS and the” Under)” hg Event” ’i'c :’._,3
Multiple parton
. actions (MPI)! L(pr)*— (pr*+pro?)?

—
“Underlying I — ¥ vent”
Having determined the parameters of an
MPI model, one can make an unambiguous
prediction of a4 In PYTHIA 8 o, depends
primarily on the matter overlap function,
which for bProfile = 3 is determined by

< @
= a3t/ /4 .
A [

- 2|

Most of the ti

: wWQwever,
: the exponential shape parameter, expPow,
occasionally tw~ : : Q-

. and the MPI cross section determined by .
hadron. Tr (OTCaTy oreoormesuin
and the PDF.

term o o)
. PN\
depen and B
o
eff
where g, and a; are'th w ections dividual hat scatw\rings of type A
and B, respectively, and,z @, / cross sk jon for producing bothcatterings
in the same hadron-hardon collisi A and B arandistinguishable, as in 4-jet
production, a statistical factor of % Mmust be insded.
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=» Direct measurements oo are performed by
studying correlations between the outgoing objects sy
in hadron-hadron collision. Two correlation Pr
observables that are sensitive to DPS a&&S and
Arelp. defined as follows:

AS = arcco P, (objecttl) [P, (object#2) -
|B; (objectt)| x| p; (object#2)| P,
Jet#l jet#2
* P
Arel — ‘

‘ jet#1‘+‘ Jet#z‘

For y+3jets object#1 is the photon and the leading jejdtl) and object#2 is jet2 and jet3.

For W+dijet production object#1 is the W-boson and object#2 dijet. For 4-jet
production object#1 is hard-jet pair and object#2 $ the soft-jet pair. ForA®'p. in
W+dijet production jet#1 and jet#2 are the two dijets, while in 4-jet production jet#1

and jet#2 are the softer two jets.
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DPS Iny+ 5 JEets

7' y+ 3 Jets pw since LHCP2013 y+ b/c + 2 Jets
010% ; f 10% -
- DQG,L=8.71b g D@, L=8.7 fb g
Z | e Data, inclusive ’ % [ e Data, HF ¢
© | = DP model . - = DP model Q
4 SP model ® * - 4 SP model ®
5 A o Total -
10§ 0 Total : 103:_ :
) .t L] ¢ s -
e A u . A .
4 A - L
0 @ 8.7 fb-1 - ®
T 3 102
= 14F Phys. Rev. D 89, 072006 (20148 1 o[-
N + NN
E N + + l {' | 8 1f | l | B l
I AT
09LC 0.8
0 05 1 15 2 25 3 0 05 1 15 2 25 3
y+ 3 Jets AS [rad] y+ b/c + 2 Jets AS [rad]

O = 12.7%x 0.2 (stat)*x 1.3 (syst) \ O = 14.6x 0.6 (stat)=* 3.2 (syst)
— —

=®» Combine single parton scattering (SP) and double p#&wn scattering (DP) and determine rhe
fraction of DP necessary to fit the shape of thAS distribution.
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.4 measurements

E " Sigma-Effective vs Ecm
g |AFS, 4 (1986) o e
o |UA2,4j(1991) = PYTHIA 8 UE Tunes
§ CDF, 4j (1993) " -
o CDF, 'YS] (1997) L E 30.0 Monash Tune
= D@, y3j (2009) - ;
£  |ATLAS,W2j(2013) ., © 200
@ .
g CMS’ W2] (2013) o CMS Tune CUETP8S1-CTEQ6L
8 DQ’YSJ(2013) = 10.0 1 1 1 1 1 S N
0 DJ, yb(c)2j (2013) s 0.1 1.0 10.0 100.0
----|||-||1%|----I|||-I....I....I.... Center-of-Mass Energy (GeV)
5 / / 5 10 15 20 25 30

o [mb] ™ Shows theo.; values caluclated from the PYTHIA 8
New DO values Monash and CMS tune CUETP8S1-CTEQS6L.
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.4 measurements

N PYTHIA 8 predicts an

T Sigma-E

§ AFS, 4j (1986) ¢ e 9mé™ energy dependence foo !

Py UA2, 4j (1991) - PYTHIA 8 UE Tunes

§ CDF, 4j (1993) " -

C_g CDF, 'Y3j (1997) v % 30.0 Monash Tune

T |D@,y3j (2009) - “g

£  |ATLAS,W2j(2013) ., 2 200

o .

£ CMS, W2j (2013) ol CMS Tune CUETP8S1-CTEQ6L

8 DQ’YSJ(2013) =) 20_30mb 10.0 | [ A B B o | [ A B B o | b

m Dd, yb(c)2j (2013) s G 0.1 1.0 10.0 100.0
| | T Center-of-Mass Energy (GeV)

New DO values

The o4 predicted from the PYTHIA 8 UE tunes
is slightly larger than the direct measurements!

30
b] = Shows theog; values calculated from the PYTHIA 8

Monash and CMS tune CUETP8S1-CTEQG6L.
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AFS, 4j (1986) {
UA2, 4j (1991)
CDF, 4j (1993)
CDF, y3j (1997)
D@, 3 (2009)
ATLAS, W2j (2011
CMS, W2j (2013)
D@, v3j (2013)
D@, yb(c)2j (2013

Experiment, Final state (Year)

New DO values

Cnnstrammg MPI models using o.7 and recent
Tevatron and LHC Underlying Event data

. H. Seymour” &, SiGdmok”

T onaortinm for Findsmentad Physics, School of Plgsice asd Astronoms,
The Dniveraity of Manchester, Mancheater, M3 SFL, LR
Famadl: micheel  ssaymourémanchester _ac. uk,
andrze] . sicdmokdmanchester . ac.uk

ApsTRacr.  We review the modelling of multipie interactions in the event senerator
Heswica++ and study implications of recent tuning efforts to Tevatron amd LHO data.
It = often =il that measuremonts of the effective cross section for double-parton sestter-
i, &g are in contradiction with models of the Ansl state ol mult-pacton interactions, but
wee show that the HErRwiGH+ model s consistent with both and gives stable predichions
for underlymg event ohservables at 14 TeY

HIA 8 predicts an
dependence foo!

—

CUETP8S1-CTEQ6L |

10.0 100.0
jy (GeV)

ed from the PYTHIA 8
TP8S1-CTEQG6L.

o

The o predicted from the PYTHIA 8 UE tunes
is slightly larger than the direct measurements!

LHCP 2014
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Summay: Tevatron Physicst &

®» The CDF & DO continue to
produce important precise QCD
and electroweak measurements!

o
E“‘ 14
< 10
13
CZ) 7 Jets
= o' 4 Bottom
O u" |
I(J,J) 1019
7)) 1p?
g 1z
nd 107 L
O 1p 8 :
Z o5 : sSusy
O : To squarks
= ot n e
@) 3 v
- 10 .| ~9orders of -
8 :ﬂ maghnitude %. allptan
X 0
a 1 |
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e Summary: QCD VIC TURES =
=Y

We now have at lot of MB & UE data at
300 GeV, 900 GeV, 1.96 TeV, and 7 TeV!
We can study the energy dependence
more precisely than ever before!

J

—/

=» Several new and improved QCD MC tunes have alreadyeen

constructed using data from the‘Tevatron Energy Scan” and
more will be coming soon!

LHCP 2014

T,
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» Soy We will be ready for the future _ geen

constros  LHC energies of 13 & 14 TeV!=q” and
more wi
’ - K PYTHIA
S 5
A
\
o 8) (8
/)
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